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Abstract 


This research report explores the integration of quantum geographic information systems 
(QGIS) with meteorite impact data to conduct a comprehensive analysis of the mass 
distribution, classification, and time trends of global meteorite impacts. This research aims to 
use geographic information system (GIS) technology to reveal hidden patterns and 
relationships in meteorite impact data to improve our understanding of meteorite dynamics and 
planetary processes. The approach involves collecting data from reputable sources such as the 
Meteorological Society database and the NASA Meteorite Research Database, and then 
preprocessing and analysing it using QGIS spatial analysis tools. The findings show regional 
and temporal changes in meteorite strikes, providing information on mass distribution, 
categorization, and temporal trends. The findings help to further planetary research and hazard 
assessment by revealing the frequency, distribution, and features of meteorite impacts 


worldwide. 
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1 Introduction 


Meteorite impacts have long been a source of fascination for scientists and the general public 
alike, as they provide valuable insights into the composition and history of our solar system. 
To advance our understanding of celestial bodies and evaluate potential risks to Earth, it is vital 
to comprehend the spatial distribution, mass distribution, classification, and temporal trends of 
meteorite impacts. In recent times, Geographic Information Systems (GIS) have emerged as 
powerful tools for analysing spatial data, offering the ability to visualize, analyse, and interpret 
complex spatial patterns. In this investigation, we examine the integration of Quantum 
Geographic Information System (QGIS) with meteorite impact data to conduct a 
comprehensive analysis of mass distribution, classification, and temporal trends in global 
meteorite impacts. By harnessing the advanced spatial analysis capabilities of QGIS, we aim 
to uncover concealed patterns and relationships in meteorite impact data that can contribute to 


our understanding of meteorite dynamics and planetary processes (Xiao Long,2008). 


2 Literature Review 


Previous studies have investigated various aspects of meteorite landings using GIS techniques, 
focusing on spatial patterns, classification, and temporal trends. For instance, (Beckett J. R., et 
al. 2006) utilized GIS to analyze the spatial distribution of meteorite landings and identified 
hotspots of meteorite activity in certain geographic regions. Similarly, (Xia et al. 2016) 
conducted a classification analysis of meteorite samples using GIS-based techniques, revealing 
correlations between meteorite composition and geographic origin. These studies highlight the 
potential of GIS in enhancing our understanding of meteorite phenomena and their implications 
for planetary science. Additionally, advancements in GIS technology have enabled researchers 
to explore temporal trends in meteorite landings over time. (Kinoshita, K et al. 2016) employed 
temporal GIS techniques to analyze the temporal variability of meteorite landings and 
identified temporal clusters of meteorite activity. These findings underscore the importance of 
temporal analysis in elucidating the dynamic nature of meteorite landings and their underlying 
mechanisms Notwithstanding these developments, there is still a need for more research that 


combines GIS with meteorite landing data to do complete assessments of mass distribution, 


categorization, and time patterns. This project aims to close this gap by combining QGIS and 
meteorite landing data to provide new insights into the spatial and temporal dynamics of 


meteorite events. 


3 Methodology 


The methodology employed in this study consists of a sequence of phases, which include data 
collection, preprocessing, examination, and elucidation. Initially, information regarding 
meteorite impacts will be collected from credible sources like the Meteoritical Society 
Database and the NASA Meteorite Studies Database. This dataset will encompass various 
particulars, such as the meteorite's name, weight, categorization, descent, and the year of 
impact. Following this, the meteorite impact data will be imported into QGIS for preprocessing 
and analytical purposes. Preprocessing tasks may encompass activities such as data refinement, 
structuring, and spatial referencing to ensure smooth incorporation with the spatial analysis 
tools within QGIS. Spatial analysis techniques like spatial clustering, hotspot analysis, and 
interpolation will be utilized to explore spatial patterns and the distribution of meteorite 
impacts. An investigation into temporal patterns and variations in meteorite impacts will be 
conducted using temporal analysis methodologies. This procedure may involve the utilization 
of time-series analysis, trend analysis, and temporal clustering techniques to reveal trends and 
anomalies in the temporal occurrence of meteorite impacts. In conclusion, the findings of the 
investigation will be interpreted to provide insights into the distribution of mass, classification, 
and temporal trends in global meteorite impacts. These findings will be discussed in the context 
of existing literature and their implications for planetary science and risk assessment (M. K. 


Weisberg, et al. 2006). 


4 Results 


4.1 Heatmap of Meteorite Density by Fall Type 


Heatmap of Meteorite Density by Fall Type 
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Figure 1. Shows the Density of Meteorite by fall type. 


4.2 Temporal Trends in Meteorite Landings 


Temporal Trends in Meteorite Landings 
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Figure 2. Shows the temporal trends in Meteorite landings. 


4.3 Spatial Distribution of Meteorite Classes 
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Figure 3. Shows the spatial distribution of meteorites per class. 
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4.4 Spatial Distribution of Meteorite Mass Worldwide 


Spatial Distribution of Meteorite Mass Worldwide 
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Figure 4. Shows the spatial distribution of meteorite mass. 


5 Discussion 


The analysis of meteorite impacts using GIS technology has provided valuable insights into 
various aspects of meteorite dynamics, including mass distribution, classification, and temporal 
trends. The results of this study shed light on the spatial and temporal patterns of meteorite 
impacts worldwide, contributing to our understanding of celestial phenomena and their 


implications for planetary science. 


5.1 Mass Distribution and Spatial Patterns 


Figure 1 shows the global meteorite impact density by fall type .The heat map shows significant 
spatial variation in meteorite density, with some areas having higher density of meteorite 
impacts than others. The maximum observed density is 6144.88, while the minimum density is 
0.10, indicating large spatial variability in meteorite distribution (Kaiden, H, et al., 2006). 
Hotspots of meteorite activity can be identified through spatial cluster analysis, allowing 
researchers to pinpoint areas of increased meteorite impact rates and examine potential factors 


that contribute to these spatial patterns. 


5.2 Temporal Trends: 


As shown in Figure 2, temporal analysis shows interesting trends in meteorite landings over 
time (M. E., Zolensky ,2002). The time trend ranges from January 1, 1973, to January 22, 2501, 
indicating a comprehensive study of meteor impacts over the centuries. The density of 
meteorite impacts appears to have increased over time, suggesting a possible increase in 
meteorite activity in recent years or improvements in meteorite landing records. Further study 
of temporal changes and the identification of temporal clusters could provide valuable insights 


into the dynamic nature of meteoritic phenomena and their underlying mechanisms. 


5.3 Classification and Spatial Distribution 


Figure 3 shows the spatial distribution of meteorite classes ranging from cl/2-ung to 
Winconaite, Urellite-price, Urelite-an, Urelite, Iron, ungrouped, H3.3 and above (Weisberg M. 


K. et al., 2001). The spatial distribution of meteorite classes provides insights into the 


geological diversity of meteorite impacts and their formation. By classifying meteorites and 
studying their spatial distribution, researchers can elucidate the geological processes and parent 
bodies responsible for meteorite impacts, thereby improving our understanding of solar system 


dynamics and planetary evolution. 


5.4 Implications for Planetary Science 


The spatiotemporal analysis of meteor impacts performed in this study has important 
implications for planetary science and hazard assessment. By identifying spatial patterns, 
temporal trends, and meteorite classifications, researchers can assess the frequency, 
distribution, and characteristics of meteorite impacts globally (Goderis, S.,2012). This 
information is critical to understanding planetary dynamics, assessing the potential threat of 
meteor impacts to Earth and other celestial bodies, and developing planetary defence and risk 


reduction strategies. 


6 Conclusion 


In conclusion, the amalgamation of Geographic Information System (GIS) technology with 
meteorite impact data has yielded substantial insights into the spatial patterns, temporal trends, 
and geological diversity of meteorite occurrences on a global scale. The analysis of spatial data 
has brought to light the spatial variations in meteorite density, identifying concentrated areas 
of meteorite activity in specific geographical locations (Kerr,2001). These discoveries 
underscore the significance of spatial clustering analysis in identifying regions with heightened 
meteorite impact frequencies and comprehending the factors influencing spatial distribution. 
Moreover, the examination of temporal data has unveiled interesting patterns in meteorite 
landings over time, indicating possible shifts in meteorite activity or enhancements in recording 
techniques (Buddeet al., 2018). The observed rise in meteorite density over time emphasizes 
the dynamic nature of meteorite the spatial distribution of meteorite classes offers valuable 
insights into the geological diversity of meteorite impacts and the origins of meteoritic material, 
highlighting the importance of continuous research in this field. Categorizing meteorite classes 
and analysing their spatial distribution present opportunities for exploring the geological 
mechanisms and progenitor bodies accountable for meteorite impacts, thereby enhancing our 
comprehension of solar system dynamics. The significance of this investigation transcends to 


planetary science and risk assessment, underscoring the necessity to comprehend the frequency, 


distribution, and characteristics of meteorite impacts. Through the utilization of GIS 
technology and spatial analysis methodologies, scholars can further clarify the intricacies of 
meteorite occurrences, enriching our understanding of solar system evolution and planetary 


mechanisms. 
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